a b s t r a c t 1 7 is associated with a wide spectrum of clinical and pathological conditions, ranging from obesity, 31 altered responses to exercise or metabolic syndrome, to inflammation, disturbed mitochondrial biogenesis and 32 defective response to energy stress. Fibromyalgia (FM) is a world-wide diffused musculoskeletal chronic pain 33 condition that affects up to 5% of the general population and comprises all the above mentioned pathophysiolog-34 ical states. Here, we tested the involvement of AMPK activation in fibroblasts derived from FM patients. AMPK 35 was not phosphorylated in fibroblasts from FM patients and was associated with decreased mitochondrial 36 biogenesis, reduced oxygen consumption, decreased antioxidant enzymes expression levels and mitochondrial 37 dysfunction. However, mtDNA sequencing analysis did not show any important alterations which could justify 38 the mitochondrial defects. AMPK activation in FM fibroblast was impaired in response to moderate oxidative 39 stress. In contrast, AMPK activation by metformin or incubation with serum from caloric restricted mice 40 improved the response to moderate oxidative stress and mitochondrial metabolism in FM fibroblasts. These re-41 sults suggest that AMPK plays an essential role in FM pathophysiology and could represent the basis for a valuable 42 new therapeutic target/strategy. Furthermore, both metformin and caloric restriction could be an interesting 43 therapeutic approach in FM. 44 j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / b b a d i s Please cite this article as: E. Alcocer-Gómez, et al., Metformin and caloric restriction induce an AMPK-dependent restoration of mitochondrial dysfunction in fibroblasts from Fibromyalg..., Biochim. Biophys. Acta (2015), http://dx.doi.org/10.1016/j.bbadis.2015.03.005
ing with a buffer containing 0.9% NaCl, 20 mMTris-ClH, pH 7.6, 0.1% tri-198 ton X-100, 1 mM phenylmethylsulfonylfluoride and 0.01% leupeptine.
199
Electrophoresis was carried out in a 10-15% acrylamide SDS/PAGE. GT-3′) and mtR3319 (5′-TGGCCATGGGTATGTTGTTAA-3′) for mtDNA, 225 and, 18S rRNA gene 18S1546F (5′-TAGAGGGACAAGTGGCGTTC-3′) 226 and 18S1650R (5′-CGCTGAGCCAGTCAGTGT3′) for nDNA for loading 227 normalization. Arbitrary units were computed as the ratio between 228 the optical density band corresponding to the mtDNA studied in the 229 20-30th cycle and that of the nDNA in the 15th amplification cycle.
230
One unit was considered to be the ratio corresponding to the control pa- (Fig. 1A) . Mitochondrial protein expression levels correlated with the de-325 pressed activities found in respiratory enzymes (Fig. 1B) . Next, we inves- spectively) ( Fig. 2A) . The basal OCR was markedly affected in fibroblasts 332 from FM patients compared to controls (Fig. 2B) . The spare respiratory 333 capacity (SRC) of cells was obtained by calculating the mean of OCR 334 values after injection of 2,4-DNP minus the basal respiration and could 335 be used as an indicator of how close a cell is operating to its bioenergetic 336 limit. Fibroblasts from FM patients showed a significant decrease of SRC 337 compared to control cells (Fig. 2C ). Furthermore, similarly to what was 338 previously found in BMCs [8], FM fibroblasts also showed decreased 339 CoQ 10 levels when compared to controls (Fig. 2D ). CoQ 10 content of fibro-340 blasts from patient 1 was reduced by 70%, from patient 2 by 78% and from 341 patient 3 by 82%. FM fibroblasts also had a smaller number of mitochon-342 dria; we measured mtDNA content and compared it with control values.
343
Results showed that mtDNA content was 30-50% lower in fibroblasts 344 from FM ( Fig. 2E ). This finding was further confirmed by visualizing the (Table S1 ). showed high levels of OGG1 (Fig. 3C ).
361
As AMPK induces PGC-1α phosphorylation which leads to increased 362 antioxidant enzymes expression levels and mitochondrial biogenesis, 363 we analyzed AMPK protein expression levels and activation in FM 364 fibroblasts. Results showed low expression levels of active phosphory-365 lated AMPK, PGC-1α and MnSOD (Fig. 4A ), suggesting that AMPK-366 dependent activation of PGC-1α was indeed impaired in FM fibroblasts.
367
As reduced antioxidant enzyme levels have been previously described and to increase MnSOD expression levels (Fig. 4A) . As a consequence 372 of an impaired defensive response to oxidative stress, cell death 373 increased in FM fibroblasts treated with H 2 O 2 (Fig. 4B) .
374
Under oxidative stress condition, AMPK was found to lead to an anisms that have been postulated [5] [6] [7] [8] [9] [10] [11] . AMPK has been reported to 410 play a master regulatory role in all these cellular processes and its dys-411 regulation has been described in several other diseases [15] . Recently, 412 we have reported alterations in AMPK signaling in BMCs from FM pa-413 tients. However, the role of AMPK in FM remains unknown. In this 414 study, we found a marked mitochondrial dysfunction in fibroblasts de- 
